The cortisol-cortisone shuttle and the apparent specificity of glucocorticoid and mineralocorticoid receptors.
In vitro studies on both the purified cytosolic mineralocorticoid receptor (MR) and the recombinant expressed human MR have shown that it is non-specific and does not distinguish between cortisol and aldosterone. These contrast with the apparent in vivo selectivity of the MR in tissues such as the kidney for aldosterone in preference to cortisol despite the 100-fold molar excess of cortisol. This review gives the evidence that indicates that 11 beta-hydroxysteroid dehydrogenase (11 beta-OHSD), the enzyme responsible for the interconversion of cortisol and inactive cortisone, acts as a protective mechanism for the MR. In aldosterone-selective tissues it shuttles cortisol to cortisone and thus prevents glucocorticoid access. Aldosterone itself is not a substrate for the enzyme. The current data suggest that this is an autocrine system with both the enzyme and the MR present within the same cell. In certain tissues such as the kidney there may also be additional upstream steroid metabolism indicating a paracrine system. Lack of this protective system results in cortisol acting as a potent mineralocorticoid. This may be congenital as in the apparent mineralocorticoid excess syndrome or acquired secondary to liquorice-induced inhibition of 11 beta-OHSD. In addition to its role in MR protection 11 beta-OHSD may also be important in modulating steroid access to glucocorticoid receptors. The ontogeny of the enzyme in the testis and the brain suggests that its tissue-specific control may be crucial in allowing normal development.